The PDF file includes: Table S1 . Fit parameters for the Bell-Evans distributions shown in the main text. Note S1. Fit parameters of Bell-Evans distributions. Note S2. Sequences of protein constructs.
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/6/13/eaay5999/DC1) Movie S1 (.mov format). SA's crystal structure with highlighted amine groups. Movie S2 (.mov format). Exemplary SMD: Holding biotin, pulling on the C terminus of SA subunit A. Movie S3 (.mov format). Exemplary SMD: Holding biotin, pulling on the C terminus of SA subunit B. Movie S4 (.mov format). Exemplary SMD: Holding biotin, pulling on the C terminus of SA subunit C. Movie S5 (.mov format). Exemplary SMD: Holding biotin, pulling on the C-terminus of SA subunit D. . SMFS measurements with direct covalent attachment of the biotinylated ddFLN4 domain to the cantilever tip. Data were recorded with different AFM cantilevers of spring constants k. Therefore, absolute values of the forces are subject to calibration errors, but can be put in relation by comparing the corresponding unfolding forces of the fingerprint domain FFP. E.g., for the 1SA measurement, the second step of the ddFLN4 unfolding was observed at 70 pN. The peak of the rupture force histogram occurs at 380 pN. Correcting the ddFLN4 peak to 80 pN, the corrected rupture force of 420 pN agrees well with the last peak of the 4SA histogram. (circles) and a surface with 3SA (diamonds) is shown. Loading rates were varied applying retraction velocities of 200 nm/s, 800 nm/s and 3200 nm/s, respectively. For 4SA three peaks can be distinguished (yellow, red, grey) whereas for 3SA only the two peaks at lower forces occur (red, grey). The measurement of 3SA and 4SA was conducted on different surfaces with different AFM cantilever tips, which might account for the slight differences in loading rates and rupture forces. In addition, simulation data (squares) are plotted with the following coloring: Pulling of subunit D in yellow, pulling of subunit B in red, and pulling of subunit A and C in grey. Errors show the full width at half maximum of a kernel density estimation. Dashed lines show results for fitting the standard Bell-Evans model to the data.
Fig. S5. Structure of biotin with the adjacent linker and illustration of the simulation box.
(A) A Coenzyme A (CoA)-biotin (NEB, Ipswich, USA) was used for biotinylation of our protein constructs. The ureido ring and the tetrahydrothiophene ring of the biotin are on the left. The valeric acid, fused to the tetrahydrothiophene ring, which is present in pure biotin is reacted with an amine group and forms a peptide bond, connecting the biotin with a polyethylene glycol (PEG3) linker. At the other end of the linker, a maleimide group is reacted to Coenzyme A. This latter group was however not considered in the SMD simulation (B). (C) Biotin (van der Waals representation) bound to SA (secondary structure representation with different colors assigned to different subunits) was solvated in a water box (transparent blue) containing a 0.15 mol/l sodium chloride (spheres) solution. The total simulation box was made by just over 275,000 atoms that were simulated explicitly. Table S1 . Fit parameters for the Bell-Evans distributions shown in the main text. For the different peaks of the different SA variants, rupture force FR, loading rate r, distance to transition state x0, zero-force off-rate koff,0 and weighting factor/relative occupancy are given. Note that the off-rate fitted for the 3 rd peak is comparable to values for the natural off-rate found in the literature -most probably because the SA binding pocket is not deformed for this tethering geometry and stays in a state comparable to the unloaded conformation. 
with = , ⁄ and = 0 ⁄ , where koff,0 is the zero-force off-rate, x0 is the distance to the transition state, kBT the Boltzmann constant times temperature and r is the force loading rate. To determine the force-loading rate r is not straight-forward. For the single force-extension traces, the force-loading rate is determined from the slope of the force-extension trace 3 nm before the rupture peak. To obtain a mean value of the different r for the different force peaks, we first had to separate force-extension traces that belong to different force peaks. For this, we employed a kernel density estimate to fit to force histogram. The local minima between the different peaks were used as cut-off values: All force-extension traces with force values lower than the cut-off belong to one peak, all traces with forces higher than the cut-off value belong to the next peak. We then plotted a histogram of the force-loading rates corresponding to one peak and fitted it with a kernel density estimate. The maximum was then employed as loading rate r to convert the corresponding fitting parameter (a, c or g) into an off-rate koff,0.
The fit parameters for the different SA variants agree well with each other for the different peaks of the histogram. Interestingly, only the zero-force off-rate for the highest force peak (3 rd peak) are in the right order of magnitude compared to a conventional off-rate assay (koff,exp=6.1×10 -5 s -1 ). From this, we conclude that for the highest force peak, i.e. unbinding from subunit D, the mechanical integrity of the pocket is indeed not impeded too much by force application, so that the unbinding pathway is similar to the natural one.
